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Introduction
Apexification is defined as “a method of inducing 
a calcified barrier in a root with an open apex or 
the continued apical development of an incom-
pletely formed root in teeth with necrotic pulp”.1 
Traditionally, calcium hydroxide [Ca(OH)2] was the 
material of choice to induce formation of apical hard 
tissue.2 Although the success rate of apical barrier 
formation using Ca(OH)2 is 74−100%,3 there are still 
some disadvantages with this treatment choice. Poor 
patient compliance resulted in a lengthy course of 
treatment and multiple appointments, and the risk 
of reinfection and tooth fracture made this treat-
ment unfavorable.2,4,5 In addition, long-term appli-
cation of intracanal Ca(OH)2 decreases the fracture 
strength of an open-apex tooth.6−8
Andreason et al.7 suggested that a combination 
of short-term use of Ca(OH)2 followed by root filling 
with mineral trioxide aggregate (MTA) would pre-
vent weakening of the dentin. Therefore, using the 
MTA barrier technique seems to be a more favorable 
option than traditional apexification when treat-
ing a tooth with necrotic pulp and an open apex. 
The advantages are a reduction in treatment time, 
lower chance of tooth fracture, and fewer visits to 
the dental office.5
Artificial apical barriers with a variety of mate-
rials, such as dentin chips, tricalcium phosphate, 
Ca(OH)2, freeze-dried bone and freeze-dried dentin, 
have been suggested as alternatives to traditional 
apexification.9−14 MTA was also proposed as a mate-
rial for the apical barrier technique.15 MTA has good 
biocompatibility,16,17 and sealing ability,18 which is 
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unaffected by the presence of blood.19 Torabinejad 
et al.20 demonstrated a complete layer of cemen-
tum when using MTA as a root-end filling in mon-
keys. Shabahang et al.21 showed that MTA induces 
apical hard tissue formation in immature roots of 
dogs with the greatest consistency compared with 
osteogenic protein-1 or Ca(OH)2.
The purpose of this report was to present two 
cases of mandibular premolars with necrotic pulp 
and open apices treated by two different techniques. 
The teeth of the first case were treated with tra-
ditional apexification, but later fractured before 
the hard tissue barrier had completely formed. The 
tooth of the second case was treated with the MTA 
barrier technique, was successfully maintained, and 
remained functional.
Case presentations
Case 1
A 20-year-old female presented with fractured tooth 
45. Apexification of teeth 35 and 45 utilizing Ca(OH)2 
had been performed by a general dentist 3 years pre-
viously, but the patient failed to return for follow-
up appointments until the above-described episode 
occurred. The patient was referred for endodontic 
evaluation. Her general health history was noncon-
tributory. The clinical evaluation demonstrated that 
the disto-occlusal and buccal tooth structures of 
tooth 45 had fractured, and the occlusal surface of 
tooth 35 was temporarily filled. Tubercles of dens 
evaginatus (DE) on both teeth 34 and 44 were dis-
covered. Only tooth 45 was sensitive to percussion, 
and the probing depths were within a normal range. 
Radiographic evaluation revealed incomplete root 
formation and periradicular radiolucency over teeth 
35 and 45 (Figs. 1A and 1B). The clinical diagnosis 
of both teeth was pulpal necrosis with chronic api-
cal periodontitis. Using MTA as an apical barrier in-
stead of apexification with Ca(OH)2 was suggested, 
but the patient chose the latter method owing to 
the cost differential.
After glass ionomer build-up of tooth 45 and 
occlusal reduction, the canals of both teeth were 
grossly cleaned under rubber dam isolation, and 
the working length was measured. The root canal 
wall was gently instrumented with stainless steel 
K-files and irrigated with 2.6% NaOCl. The canals 
were dried with paper points. A thick mixture of 
Ca(OH)2 and sterile saline was carried with an amal-
gam carrier and placed with a K-file and endodontic 
pluggers. Access was then sealed with Caviton (GC, 
Aichi, Japan) and IRM (Caulk Dentsply, Milford, DE, 
USA). The tubercles of DE on teeth 34 and 44 were 
protected by an acid-etched flowable light-cured 
resin (Filtek Flow; 3M, St Paul, MN, USA). After a 
week, the root canals were irrigated with copious 
NaOCl to remove the Ca(OH)2 dressing and cleaned 
with stainless steel K-files. A thick Ca(OH)2 dressing 
was placed. A periapical film was taken to ensure 
the appropriate placement of the dressing. Every 
3 months, periapical film was taken before treat-
ment. If resorption of the dressing was evident, the 
dressing was changed. The formation of a hard tissue 
barrier was checked by a number 40 K-file.
Two months later, the crown of tooth 35 frac-
tured. The same protocol was used to replace the 
dressing (Fig. 1D). Radiography at 3- and 6-month 
follow-up showed resorption of the dressing, and 
clinical evaluation revealed incomplete formation 
of the hard tissue barrier; hence, a new dressing was 
placed. At 9 months, the patient returned because 
of crown fracture of tooth 45 (Fig. 1C). The patient 
still did not accept the suggestion of an MTA apical 
barrier. The dressing in each root canal was replaced 
after confirming the incomplete formation of a hard 
tissue barrier. At 1 year after the initial treatment, 
clinical evaluation revealed a fractured fragment 
over the mesial side of tooth 45, and tooth 35 re-
mained, but both teeth were unrestorable owing to 
insufficient tooth structure and a short root length 
(Figs. 1E and 1F).
Case 2
An 11-year-old boy suffered from right facial swelling 
for about 1 month before the first visit. His pedo-
dontist prescribed 250 mg of amoxicillin for 5 days 
and referred him to our department for endodontic 
evaluation of tooth 45. His general health history 
was noncontributory. Clinical evaluation revealed 
an intraoral sinus tract over the buccal vestibule 
of tooth 45. Although orthodontic appliances were 
present over the maxillary and mandibular arches, 
the brackets were not bonded to teeth 44 and 45 
over the lower right quadrant. No carious lesion was 
noted on tooth 45, but a sign of a fractured tuber-
cle was suspected on the occlusal surface. DE was 
found on the occlusal surface of teeth 34, 35 and 
44. The mobility of tooth 45 was grade I and there 
was a deep pocket located over the mesiobuccal 
site. The tooth did not respond to cold testing (Endo 
Ice; Hygienic Corp., Akron, OH, USA). A radiographic 
examination demonstrated the presence of a thin 
tunnel from the roof of the pulp chamber to the 
occlusal surface, a partially developed root, and a 
periapical radiolucent lesion approximately 3 × 4 mm 
associated with tooth 45. A gutta-percha tracing 
also indicated the origin was from tooth 45. An an-
gular bony defect presented on the mesial side of 
the tooth (Fig. 2A). In addition, teeth 44, 34 and 35 
also showed tubercles extending above the occlusal 
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surface. Tooth 45 was diagnosed as having necrotic 
pulp and a chronic apical abscess, and the etiology 
was possibly from the fractured tubercle of DE. The 
available treatment options were discussed with 
the patient and his parents, and apexification using 
MTA as an apical barrier was selected.
Under local anesthesia (2% lidocaine with 
1:100,000 epinephrine) and rubber dam isolation, 
access was opened on the occlusal surface. Pus and 
blood discharged from the canal. The necrotic tissues 
were removed, and the canal was cleaned using a 
K-file accompanied by irrigation with copious 2.6% 
NaOCl. The working length was determined. The 
access was sealed with Caviton and IRM after the 
discharge had ceased. The tubercles on teeth 34, 
35 and 44 were protected by an acid-etched flow-
able light-cured resin. After a week, the sinus tract 
had subsided. The canal was thoroughly cleaned 
with alternate stainless steel K-files and NaOCl. 
A thick mixture of Ca(OH)2 and sterile saline was 
Fig. 1 Periapical radiographs of Case 1. (A, B) Initial radiographs showing partial crown fracture of tooth 45, and both 
teeth 35 and 45 with open apices and radiolucent lesions in the periapical area. (C) Nine months after initial treat-
ment, demonstrating crown fracture of tooth 45. (D) Two months after initial treatment, revealing crown fracture of 
tooth 35. (E, F) One-year follow-up radiographs showing a fractured fragment over the mesial side of tooth 45 and 
insufficient tooth structure of both teeth.
A B
C D
E F
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placed and maintained for 3 weeks. At the third 
appointment, tooth mobility was back to a normal 
range, and no pus or blood discharged. A 5-mm 
apical plug of MTA (White Pro-Root MTA; Dentsply 
Maillefer, Ballaigues, Switzerland) was placed using 
an MTA Endo Gun (Dentsply Maillefer) and pluggers 
under microscopic vision. A periapical film was taken 
to ensure the plug was in place (Fig. 2B). A moist 
cotton pellet was placed over the MTA and the access 
cavity was sealed in the same way. At the next ap-
pointment, the remaining space of the canal was 
filled with light-cured composite resin (Estelite 
Sigama; Tokuyama Dental Corp., Tokyo, Japan) in an 
incremental manner after verifying that the MTA 
had properly set (Fig. 2C).
The clinical follow-up at 3, 6 and 12 months re-
vealed adequate clinical function without clinical 
symptoms, such as percussion pain, palpation pain, 
Fig. 2 Periapical radiographs of Case 2. (A) Initial radiograph showing a tracing of the buccal sinus tract with a gutta-
percha point to the periradicular radiolucency of tooth 45 and an angular bony defect presented mesial to the tooth. 
Dens evaginatus was also noted on teeth 44 and 45. (B) Radiograph confirming the placement of the mineral trioxide 
aggregate apical plug at about 5 mm. (C) Final radiograph showing the light-cured composite resin filling the remained 
canal space. (D, E) Three- and six-month follow-up radiographs showing decreased periapical rarefaction and complete 
healing of the angular bony defect. (F) One-year follow-up radiograph showing complete healing.
A B
C D
E F
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swelling or a sinus tract. The periodontal pocket 
depths measured ≤ 3 mm. The radiographic evalua-
tion demonstrated complete healing of the angular 
bony defect and decreased periapical rarefaction 
at 3- and 6-month follow-up (Figs. 2D and 2E). At 
1-year follow-up, the periapical lesion had comple-
tely healed with hard tissue formed around the 
MTA plug (Fig. 2F).
Discussion
DE is described as a tubercle or extra cusp which 
protrudes from the occlusal surface of a tooth. DE is 
also referred to as a tuberculated cusp, accessory 
tubercle, occlusal tuberculated premolar, Leong’s 
premolar, evaginatus odontoma, and occlusal pearl.22 
DE predominantly occurs in Asian populations (in-
cluding Chinese, Taiwanese, Malay, Thai, Japanese, 
Filipino, and Indian people), and the prevalence is 
between 0.5% and 4.3%.23 It can occur in any tooth 
but is most often seen on premolars.24 Lin and Roan25 
investigated DE from three junior high schools in 
the city of Kaohsiung, Taiwan, and found an over-
all prevalence of 3.52%. That study showed a rela-
tively high incidence of DE among Taiwanese. They 
also reported that in 89.3% of cases of DE, the tu-
bercles were worn, and 19.6% had a nonvital pulp 
response. Tubercles of DE are usually fractured or 
worn by the opposing tooth, and subsequent pul-
pal inflammation or infection most likely ensues. 
Sometimes, this results in a periapical abscess. But 
the completion of root development and closure 
of the apex occurs up to 3 years after eruption.26 If 
the pulp becomes inflamed or necroses during this 
period, root formation will be interrupted, resulting 
in an open apex and a thin root canal wall, which 
makes treatment very challenging. Therefore, it is 
important for the clinician to recognize DE and per-
form proper prophylactic treatment.
Once the pulp from a fractured tubercle is in-
volved, treatment is complicated by incomplete root 
formation with an open apex. An apexogenesis pro-
cedure can treat an open apex with vital pulp, while 
an apexification procedure can treat an open apex 
with nonvital pulp. In the past, Ca(OH)2 was the 
material of choice for apexification. But Andreason 
et al.6 reported that the fracture strength of calcium 
hydroxide-filled immature teeth is halved in about a 
year owing to root filling. Furthermore, the average 
length of time for apical barrier formation ranged 
from 5 to 20 months.3 In the first case, apexification 
utilizing Ca(OH)2 of teeth 35 and 45 was performed 
by a general dentist 3 years before the initial treat-
ment, and the crowns respectively fractured in the 
second and ninth months after the initial treat-
ment, resulting in the teeth being unrestorable. The 
tooth structure was possibly weakened by long-term 
Ca(OH)2 dressing. In the second case, Ca(OH)2 was 
only used for 3 weeks, and then the MTA plug was 
placed apically. This procedure is in accordance with 
the suggestion of short-term use of Ca(OH)2 followed 
by root filling with MTA.7
Although prolonged exposure to Ca(OH)2 may 
have a weakening effect on dentin, short-term dress-
ing of an incompletely formed root with pulp necro-
sis is necessary. Because the anatomy of the open 
apex is divergent, thorough mechanical cleaning and 
shaping of the root canal can be more difficult. In 
addition, frequent irrigation with NaOCl during the 
procedure of instrumentation can help remove de-
bris, and placing an interappointment Ca(OH)2 dress-
ing has some benefits. Not only does Ca(OH)2 have 
antibacterial effects which can eliminate most in-
fection sources, but the property of a high pH makes 
the root canal a more favorable environment for 
the MTA to set. A study demonstrated that an acidic 
environment of pH 5 adversely affected the physical 
properties and hydration of MTA and reduced the 
microhardness.27 Furthermore, all signs and symp-
toms of infection and inflammation should be absent 
before placing any permanent filling material.
The tooth structure in the first case was not 
intact before the initial treatment, and was only 
built up with a temporary restoration during the long 
treatment period. This could be the reason why the 
teeth finally fractured. In addition, the remaining 
space of the canal in the second case was incremen-
tally filled with light-cured composite resin, which 
may have strengthened the thin root canal wall and 
prevented the tooth from fracturing. This technique 
was supported by a study which demonstrated sig-
nificantly greater resistance to root fracture after 
placement of a thick apical plug of MTA followed 
by an intracanal composite resin when compared 
with MTA followed by gutta-percha and sealer.28 
Using MTA as an apical barrier greatly reduces the 
treatment period, and the final restoration can be 
made soon after the MTA sets. This could also be 
the reason the tooth in the second case was less 
likely to fracture.
The histologic responses of an animal study in-
dicated that MTA is a reliable material for treating 
an open apex. Its application resulted in predicta-
ble apical closure and a reduced treatment time.29 
A case series study revealed that orthograde MTA 
plugs placed by hand under microscopic vision re-
sulted in radiographic and clinical healing in 10 of 
11 teeth.4 In a prospective human outcome study, 
57 teeth with open apices were treated with an MTA 
apical barrier followed by gutta-percha filling and 
bonded resin composite, and of the 43 cases avail-
able for follow-up at 12 months, 81% were classi-
fied as healed.30 Recently, a retrospective analysis 
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of open-apex teeth obturated with MTA followed 
by restoration with a bonded composite resin also 
demonstrated a healing rate of 90.5−93.5%.5 The 
overall healing rate ranges from 81% to 100%.4,5,30,31 
Further studies with longer follow-up times are 
necessary.
In conclusion, DE occurs more frequently in east 
Asian people and is often fractured by the opposing 
tooth after eruption, resulting in pulpal necrosis and 
an immature root apex. At the present time, using 
MTA as an apical barrier material followed by com-
posite resin filling for treating teeth with incomplete 
root development and necrotic pulp is a promising 
treatment option, and can replace traditional apexi-
fication using Ca(OH)2 The risk of tooth fracture 
resulting from the prolonged treatment period and 
long-term use of Ca(OH)2 makes the latter treatment 
choice unfavorable. Several reports demonstrated 
the possibility of revascularization or regeneration 
of immature teeth with apical periodontitis.32−34 
Studies on regenerative endodontics are ongoing, 
and a new treatment protocol may be developed 
in the near future.
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